Many studies have looked at how dogs respond to human communicative information. Here, we examined which human communicative factors were important in influencing dogs' responses. Eleven healthy pet dogs with no apparent aggressive behaviour toward people were recruited. Five sensory conditions (all cues presented; either a visual, an auditory, or an olfactory cue presented; no cues presented) were provided three times randomly to each dog during the tests. All tests were video recorded, and both the dogs' behaviour and time taken to reach the person when she presented each of the sensory cue conditions were observed. Total rates of reaching the person were as follows: 97.0% (all cues), 87.9% (auditory cues), 84.4% (visual cues), 84.4% (olfactory cues), and 69.7% (no cues). The time taken for the dog to notice the person in the box and then obtain a reward from her differed among the five conditions: all cues (6.00 ± 0.32 s) and visual cues (6.02 ± 0.91 s) were significantly faster than auditory cues (18.56 ± 9.57 s) and no cues (26.55 ± 11.72 s). Thus the type of information input was important in recognition of the person by the dogs and influenced the dogs' response times; visual cues appeared advantageous in confirming the person's presence.
Introduction
Over the centuries, dogs have built up close relationships with humans, and recently there have been studies of how dogs use visual or olfactory perception to recognise a person facing them. It has been suggested that since their domestication dogs have had strong sensitivity to human communicational signals [1] [2] .
Although there are breed differences in the early stages of development of do-mesticated dogs (ex. vocalisation), development of the organs and other physical characteristics associated with a dog's neurological senses commonly starts at about 3 weeks of age. After dogs start learning to recognize their surrounding environment and to communicate with other dogs and humans, they also start to approach new stimuli positively [3] .
Mongillo et al. [4] observed the gazing behaviour of pet dogs when an owner or an unknown person appeared in front of them. The time spent gazing at an owner was longer than that spent gazing at the unknown person, but the time declined when the owner's or the unknown person's face was covered. Gazing behaviour is influenced also by whether a dog can distinguish a face and whether a person is present in front of the dog. It also seems to be influenced by the dog's age (and accordingly by its level of attachment to their owner). On the other hand, studies of trainers' body language and the distance between trainer and dog have investigated the effects of non-verbal signals and trainer position on the response of dogs during training to two verbal commands "sit" and "come" [5] . The difference in distance between the trainer and the dog after the dog had responded to each of these commands seemed to influence dogs' learning state. For awareness of human vocabulary, there is a report that a dog can recognise changes in consonants in the verbal command sounds of a trainer and can respond to them correctly [6] . For human odour, a dog can distinguish differences in the odours of secretions extracted from different parts of the same person, as well as differences in odours among people [7] . There have therefore been a lot of reports about the ability of dogs to perceive human auditory and olfactory information. However, to our knowledge there have been no reports on the relative dominance of the different senses in dogs responding to human communicative cues. Our aim here was to determine which human communicative factors influenced the dogs' responses.
Materials and Methods

Animals
Eleven healthy pet dogs (2 female German shepherds, 2 male golden retrievers, 1 female Labrador retriever, 1 female border collie, 1 female toy poodle, and 4 crossbreds (1 female and 3 males) participated in the study. All dogs were kept in their owners' houses during the juvenile period and had not shown aggressive behaviour toward humans (including unknown humans) in the period before study participation. The dogs varied in age (from 6 to 89 months) and in weight (from 3.5 to 33.7 kg). All dogs were allowed contact with the outside environment and with humans at any time while staying at the university to participate in the tests.
Experimental Area
A room at Nihon University was used for the experiment, and the experimental box was placed in this room (Figure 1) . The box contains an observation area, a dog starting area, and a human staying area. A female observer who was sitting silently was located on the back of dog starting area after a dog entered the 
Experimental Conditions
Five experimental conditions were set up as described below. The person who was present in the room (a female in her 20 s) was the same throughout the tests and was familiar with all of the dogs. Each condition was presented randomly three times for each dog.
All cues conditions: All cues were presented, so the dog could confirm that the person was present by using by visual, auditory, and olfactory information. The man who sat in the box avoided making eye contact with the dog and read a newspaper out loud continuously, without emotion, during the test. The voice volume was set at about 50 dB. Therefore, the dog could recognise the person's existence by using visual (the person's figure), auditory (the person's voice), and olfactory (the person's odour) information.
Visual conditions: Only visual cues were presented, so the dog could confirm the person's presence only by using visual information. The person wore a raincoat and sat with closed mouth in the boxed area. An aroma diffuser (Dretec Inc. Saitama, Japan) with lavender essential oil (50 μl oil + 70 ml water) was operated to eliminate the person's odour. The person avoided making eye contact with the dog, dropping naturally her gaze toward the dog's feet.
Auditory conditions: Only auditory cues were presented, so the dog could confirm the person's presence only by using auditory information. The person read a newspaper out loud continuously without emotion during the test. The voice volume was set at about 50 dB. To restrict visual information, a screen was placed between the dog's area and the person's area. The person wore a raincoat, and the aroma diffuser with lavender oil (50 μl oil + 70 ml water) was operated.
Olfactory conditions: Only olfactory cues were presented, so the dog could confirm the person's presence only by using olfactory information. A circulator fan (Honeywell, Massachusetts, USA) was placed on the person's back during the test. The aroma diffuser was not operated but was located in the same position as in the other conditions.
No cues conditions: No cues were presented, so the person's area was empty.
The screen was in place; both the aroma diffuser and the circulator were located in the same positions but were not operated during the test.
Experimental Procedure
While the observer (the woman in her 20 s) took the dog outside for toileting, a man entered the boxed area and sat motionless on standby. The dog, which was equipped with a heart rate monitor (POLAR Electro Oy, Kampele, Finland),was then brought to stand in the dog start area. After the observer had confirmed that the dog's heart rate was within the normal range, the observer opened the door leading to the observation area and began observations. When the dog had moved into the observation area and noticed the presence of the man and approached her, a reward (a piece of beef jerky) was supplied automatically and randomly from the front panel. The dog's behaviour was recorded for 75 s after reward acquisition. If the dog did not get a reward (i.e. if it did not approach the box), observation was stopped after 120 s. After each observation time had ended, the observer returned the dog to the start area and removed the heart rate monitor.
Behavioural Categories
Three video cameras (Sony Inc. Tokyo, Japan) were used to record the dog's behaviours (Table 1 ) during each test. Both the area in which the dog was located (areas 1 to 4; see Figure 1 ) and the behaviour of the dog were checked on the recorded images. The area in which the dog was located was considered to be the one in which more than half of its body was located. If the dog's body spanned two areas equally, the area chosen was that in which the forward part of the body was located. The number of seconds spent in each behaviour was recorded by using a continuous observational method.
Statistical Analysis
The initial analysis used a repeated-measures analysis of variance to assess the effect of the experimental conditions and the subject, as well as repetitions of the response time (time taken for the dog to reach the man in the box, stop, and obtain a reward), the time spent in each area (1 to 4) during the test, or the time spent in each behaviour. Post hoc Tukey tests were used for pairwise comparison of the means of the response times or the times spent in each area or in each behaviour when significant effects were found.
Results
Total Rates of Reaching the Person, and Response Times
The total reaching rates under each sensory condition were 97.0% (all cues), 87.9% (auditory cues), 84.4% (visual cues), 84.4% (olfactory cues), and 69.7% (no cues). The response times until the dogs obtained the reward differed significantly among experimental conditions: response times with all cues (6.00 ± 0.32 s) and visual cues (6.02 ± 0.91 s) were significantly faster than those with auditory cues (18.56 ± 9.57 s)and no cues (26.55 ± 11.72 s) (Tukey, p < 0.05).
The response time with olfactory cues (14.82 ± 3.62 s) did not differ significantly from those under the other conditions.
Time Spent in the Area
The time spent in each area before reward acquisition differed among conditions: the times spent in area 1 (closest to the man)under all cues, visual cues, and auditory cues were longer than those spent in the other three areas (Tukey, p < 0.05 for each). However, there were no differences in times among areas in the case of olfactory cues and no cues (Figure 2) . Furthermore, the amounts of time spent in each area by dogs that were unsuccessful in getting a reward did not differ under any of the conditions. The times spent in each area after reward acquisition differed among conditions: the times spent in area 1 were longer than those spent in other areas under all cues, visual cues, auditory cues, and olfactory cues (Tukey, p < 0.05). In contrast, the time spent in area 4 (next to the dog start area) was longer than those spent in the other areas in the case of no cues (Tukey, p < 0.05) (Figure 3 ).
Behaviours
We examined the influence of each condition on each behaviour category. There was a significance difference in "sniffing" behaviour before reward acquisition:
"sniffing" times under all cues (0.78 ± 0.36 s), visual cues (1.89 ± 0.91 s), and olfactory cues (4.37 ± 1.35 s) were shorter than those under no cues (8.65 ± 2.50 s) There were significance differences among conditions in both "tail wagging"
and "freezing" behaviour after reward acquisition: "tail wagging" time with visual cues (23.22 ± 3.96 s) was longer than that with auditory cues (8.93 ± 2.47 s) or olfactory cues (7.85 ± 2.30 s) (Tukey, p < 0.05). Time spent "freezing" was longer with no cues (21.87 ± 4.41 s) than with all cues (8.56 ± 2.41 s) (Tukey, p < 0.05).
Discussion
It was clear that the type of communicative factor influenced the dogs' perception when it recognized the person's existence.
The results for total reaching rate and response time indicated that if the dog was able to acquire only visual or auditory or olfactory information it was still able to apply this information effectively. There have been many reports of dogs' sensitivity to human visual information [1] Moreover, it is clear that, during dog training, a dog's performance is influenced by both the distance between trainer and dog and non-verbal signals (i.e. hand signals and body language) [9] . Visual-only information was related more than auditory-only information to the earliness of a dog's reaction in our experiment.
Therefore, the presence of visual information may be more important to the dog's reaction.
The time spent in each area was also influenced by human information. Before reward acquisition, dogs able to receive information cues from the man just after they had entered the room moved close to the man's area immediately.
There was a trend for visual and olfactory information to give a more rapid response than auditory information, but no significant difference was found. The times spent "sniffing" also differed among conditions, but there was no difference among [olfactory], [visual] , and [auditory] conditions. The time spent "sniffing" with no cues was significantly longer than under the other three (excluding auditory) conditions. One study has found that the duration of "sniffing" in detector dogs is shortest when the target odour is not present; the dogs indicate this by not offering an alert response (true negative) [10] . However, we observed that "sniffing" was longer when no odour was present than when it was. The behavioural definition may differ between "sniffing" close to the scent target by a trained detector dog and "sniffing" freely in the area used in our study.
After reward acquisition, a long time was spent in the area next to the person's box in the case of olfactory, auditory, visual, and all cues. On the other hand, the time spent on returning to the area next to the start, and staying there, was significantly longer than the times spent in the other areas when there were no cues (i.e. when the man was absent). Dogs that recognised the presence of the man likely wanted to spend more time near her. The time spent "tail wagging" was significantly longer with visual cues than with auditory or olfactory cues. In contrast, there were no differences in the other behaviours, including negative emotions, among cue conditions. Therefore, visual information may have a positive influence on dogs' responses. The time spent "freezing" was longer with no cues, but this may have been because the dogs tried to restrain their own movement and minimise stimulation from the surrounding environment. One review has found that human factors, including personality and attitudes, influence the dog-human relationship [11] . The relationship between the dog and the person in our experiment may also have influenced the time spent in each area.
If the person in the box had been a woman with which the dogs were familiar, they may have spent even more time in area 4 reward acquisition.
Conclusion
Visual, auditory, and olfactory information are all important for dogs in confirming the presence of a human, but visual information appears to have an advantage for dogs' perception.
